Obesity is one of the major public health problems in the world because it is implicated in metabolic syndromes, such as type 2 diabetes, hypertension, and cardiovascular diseases. The objective of this study was to investigate whether Erigeron annuus (L.) Pers. (EAP) extract suppresses reactive oxygen species (ROS) production and fat accumulation in 3T3-L1 cells by activating an AMP-dependent kinase (AMPK) signaling pathway. Our results showed that EAP water extract significantly inhibits ROS production, adipogenesis, and lipogenesis during differentiation of 3T3-L1 preadipocytes. In addition, EAP decreased mRNA and protein levels of proliferator-activated receptor γ (PPARγ) and CCAAT/enhancer-binding protein alpha (C/EBPα). Moreover, EAP suppressed mRNA expressions of fatty acid synthase (FAS), lipoprotein lipase (LPL), adipocyte protein 2 (aP2) in a dose-dependent manner. Whereas, EAP upregulated adiponectin expression, phosphorylation levels of AMPK and carnitine palmitoyltransferase 1 (CPT-1) protein level during differentiation of 3T3-L1 preadipocytes. These results suggest that EAP water extract can exert ROS-linked anti-obesity effect through the mechanism that might involve inhibition of ROS production, adipogenesis and lipogenesis via an activating AMPK signaling pathway.
Introduction
Obesity is a major public health problem around the globe because it is implicated in metabolic syndromes, including type 2 diabetes, and cardiovascular diseases. In 2005, the World Health Organization (WHO) reported that 1.6 billion adults are overweight and 0.4 billion are obese among adults worldwide [1] . High-calories diet and deskbound lifestyle are the most dominant factors contributing to obesity [2] . Due to the rapid increase of obesity-related diseases, cellular and molecular mechanisms underlying fat metabolism need to be clarified. Obesity is affected by both the number and size of adipose tissue that is accelerated by adipogenesis and lipogenesis progression [3, 4] . Regulating adipogenesis, therefore, provides a promising therapeutic approach for preventing obesity. Moreover, recent reports have explored the mechanism study of adipocyte life cycles. such as adipogenesis, lipogenesis, and lipolysis using 3T3-L1 cells [5, 6] .
Expression of cell-specific adipogenic transcription factors in addition to regulation of cell phase together with proliferator-activated receptor γ (PPARγ) and CCAAT/enhancer-binding protein alpha for 3 h. The extract was concentrated with a vacuum evaporator (Rotavapor R-220, Buchi, Flawil, Switzerland), followed by freeze-drying with a freeze-drier (Il Shin Lab Co., Seoul, Korea) to obtain powder (water extract: 21.8 g, 30%-ethanol extract: 20.4 g, 50%-ethanol extract: 25.7 g, 70%-ethanol extract: 23.3 g, 100%-ethanol extract: 10.2 g). Extraction yields of water extract, 30%-ethanol extract, 50%-ethanol extract, 70%-ethanol extract, and 100%-ethanol extract of EAP were 27.3%, 25.6%, 32.2%, 29.2%, and 12.8%, respectively.
Cell Culture and Differentiation
3T3-L1 cells were purchased from the ATCC. Cells were seeded into 24-well plates and were cultured in DMEM containing 10% BCS and 1% P/S at 37 • C with 5% CO 2 . Two days after complete confluence was reached (D0), cells were cultured in MDI differentiation medium (DMEM containing 0.5 mM/L IBMX, 1 µM/L dexamethasone, and 10 µg/mL insulin), 1% PS, and 10% FBS for three days (D3). To evaluate the effects of EAP extract on adipocyte differentiation of 3T3-L1 preadipocytes, cells were cultured in MDI in the presence of various concentrations of EAP extract. Cells were then maintained in regular medium containing 1% PS, 10% FBS, and 10 µg/mL insulin (D5). After five days of induction, the medium was changed to DMEM containing 1% PS and 10% FBS (D7). On day seven, cells were harvested for further experiment.
Cell Viability Assay
Cell viability of 3T3-L1 preadipocytes and adipocytes was assessed using WST-1 assay. 3T3-L1 preadipocyte and adipocytes cells were incubated with EAP extracts (0-300 µg/mL) for 24 h and seven days, respectively. WST-1 was added to the cultured medium, followed by incubation for 2 h. Cell viability was measured in absorbance at a wavelength of 570 nm.
NBT Assay and Oil Red O (ORO) Staining
The effect of the EAP on ROS production was determined by NBT assay during the differentiation of 3T3-L1 cells. NBT is reduced by ROS to a dark-blue, insoluble form of NBT called formazan. On day seven after induction, the cells were incubated for 90 min in PBS containing 0.2% NBT. Formazan was dissolved in 50% acetic acid, and the absorbance was determined at 570 nm.
The effect of the EAP on fat accumulation in 3T3-L1 cells was evaluated by ORO staining. 3T3-L1 cells were fixed with 4% formaldehyde in PBS for 1 h at room temperature and washed twice with 60% isopropanol. After performing ORO staining for 1 h at room temperature, cells were washed with water to remove the excess stain. Stained cells were allowed to air dry and ORO stained cells were eluted with DMSO for quantitative analysis. The absorbance was measured at a wavelength of 490 nm on a spectrophotometer.
Real-Time Polymerase Chain Reaction (RT-PCR)
Total RNA was isolated from cells after seven days of maturation using high pure RNA isolation kit (Roche Applied Science, Penzberg, Germany). NanoDrop (NanoDrop 2000c, Thermo Scientific, Waltham, MA, USA) was used to quantify total RNA. Then 1 µg of total RNA was converted into cDNA using a cDNA synthesis kit (Roche Applied Science, Penzberg, Germany). Real-time quantitation was performed using Light Cycler 480 (Roche Diagnostics, Manneim, Germany). PCR reaction mix contained Light Cycler 480 SYBR Green I Master (Roche, Germany). The real-time PCR conditions were as follows: 95 • C for 10 min followed by forty-five cycles at 95 • C for 15 s, 60 • C for 5 s, 72 • C for 15 s. All experiments were performed three or more times. Expression levels of target genes were normalized against glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or β-actin as internal controls. Primers used in the experiment are shown in Table 1 . 
Analysis of Protein Level
Cells were harvested using a cell scraper and lysed to obtain whole cell lysate. Cells lysates were clarified by centrifugation at 12,000 g for 30 min. Protein concentrations were measured with bicinchoninic acid (BCA) protein assay kit (Pierce Biotechnology, Waltham, MA, USA). Then 20 µg of the protein extract was mixed with 2 × sample buffer, heated at 95 • C for 5 min, separated by 10% SDS-PAGE, and transferred to PVDF membrane at 100 V for 90 min. Membranes were blocked with 1 × TBST comprising 5% skim milk at room temperature for 1 h, incubated with primary antibody overnight at 4 • C, washed five times with 1 × TBST (10 min each wash), incubated with secondary antibody at room temperature for 1 h, and washed five times with 1 × TBST (10 min each wash). PPARγ, C/EBPα, SREBP-1c, phospho-AMPK (p-AMPK), total-AMPK, and phospho-ACC (p-ACC), CPT1 antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). The target protein was detected with Luminata ™ Forte Western HRP substrate (Millipore, Tokyo, Japan). The density of a specific band was analyzed using image J software (NIH, Bethesda, MD).
Statistical Analysis
Experimental results are presented as mean ± standard deviation (SD) of three experiments. All results were statistically analyzed by Duncan's multivariate analysis. Difference between averages was considered statistically significant when the p-value was less than 0.05.
Results

EAP Water Extract Inhibits Lipid Accumulation and Ros Production in 3t3-l1 Adipocytes
To observe effects of EAP extracts on adipocytes differentiation, 3T3-L1 cells were treated with MDI in the presence or absence of various EAP extracts (water, 30%-ethanol, 50%-ethanol, 70%-ethanol, and 100%-ethanol) at a concentration of 100 µg/mL. Among the various EAP extracts, water extract has the greatest inhibitory effect on adipogenesis (Figure 1 ). Thus, it was further analyzed for its effect on adipocyte differentiation and molecular mechanisms involved in its effect.
To evaluate the effect of EAP water extract on the cell viability of preadipocyte and adipocytes, cultured 3T3-L1 cells were treated with various concentrations of EAP water extract and cultured for 24 h or seven days followed by cell viability using WST-1. Treatment with EAP water extract did not significantly affect cell viability ( Figure 2 ). Thus, we used this extract at up to 200 µg/mL in subsequent experiments. We further determined the effect of EAP water extract on lipid accumulation and ROS production in 3T3-L1 adipocytes by ORO staining and NBT assay. EAP water extract treatment dose-dependently inhibits lipid accumulation during adipogenesis ( Figure 3) . Moreover, the production of dark-blue formazan, which represents ROS production, was decreased in adipocytes treated with EAP water extract when compared with MDI treated cells ( Figure 3 ).
treatment dose-dependently inhibits lipid accumulation during adipogenesis ( Figure 3 ). Moreover, the production of dark-blue formazan, which represents ROS production, was decreased in adipocytes treated with EAP water extract when compared with MDI treated cells ( Figure 3 ). treatment dose-dependently inhibits lipid accumulation during adipogenesis (Figure 3) . Moreover, the production of dark-blue formazan, which represents ROS production, was decreased in adipocytes treated with EAP water extract when compared with MDI treated cells ( Figure 3 ). (B) ROS production was determined by using nitro tetrazolium blue chloride and absorbance at 570 nm. Values are presented as mean ± standard deviation. Differences between means were considered statistically significant at P < 0.05.
Effect of EAP Water Extract on Adipogenic and Lipogenic Gene Expressions
We evaluated the effect of EAP water extract on mRNA and protein expression of adipogenic target gene during adipogenesis of 3T3-L1 cells using real-time RT-PCR and western blot. Our results revealed that EAP water extract at a concentration of 200 μg/mL significantly downregulated the mRNA expression of PPARγ and C/EBPα (Figure 4) . Moreover, EAP dose-dependently suppressed protein levels of PPARγ, C/EBPα and SREBP-1c in 3T3-L1 cell parallel with mRNA expression of PPARγ and C/EBPα gene. Garcinia cambogia at a concentration of 100 μg/mL, used as the positive control, decreased protein levels of PPARγ, C/EBPα and SREBP-1c in 3T3-L1 cell ( Figure 5 ). These results indicate that EAP water extract exerts the anti-adipogenic effect by blocking PPARγ and CEBPα expression, which might have implications in anti-obesity effects. 
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We evaluated the effect of EAP water extract on mRNA and protein expression of adipogenic target gene during adipogenesis of 3T3-L1 cells using real-time RT-PCR and western blot. Our results revealed that EAP water extract at a concentration of 200 μg/mL significantly downregulated the mRNA expression of PPARγ and C/EBPα (Figure 4) . Moreover, EAP dose-dependently suppressed protein levels of PPARγ, C/EBPα and SREBP-1c in 3T3-L1 cell parallel with mRNA expression of PPARγ and C/EBPα gene. Garcinia cambogia at a concentration of 100 μg/mL, used as the positive control, decreased protein levels of PPARγ, C/EBPα and SREBP-1c in 3T3-L1 cell ( Figure 5 ). These results indicate that EAP water extract exerts the anti-adipogenic effect by blocking PPARγ and CEBPα expression, which might have implications in anti-obesity effects. In order to confirm whether this inhibitory effect of EAP water extract on lipid accumulation is mediated through inhibition of adipogenesis and lipogenesis involving PPARγ, C/EBPα, and SREBP-1c, we further checked the FAS, LPL, aP2 and adiponectin gene expressions using RT-PCR. As shown in Figure 6 , EAP water extract markedly suppressed mRNA expression of fatty acid synthase (FAS), LPL, and adipocyte protein 2 (aP2) in a dose-dependent manner. However, EAP water extract dose-dependently increased adiponectin gene expression. These results indicated that EAP water extract inhibits lipid accumulation and ROS production in 3T3-L1 adipocytes via inhibition of adipogenesis and lipogenesis. In order to confirm whether this inhibitory effect of EAP water extract on lipid accumulation is mediated through inhibition of adipogenesis and lipogenesis involving PPARγ, C/EBPα, and SREBP-1c, we further checked the FAS, LPL, aP2 and adiponectin gene expressions using RT-PCR. As shown in Figure 6 , EAP water extract markedly suppressed mRNA expression of fatty acid synthase (FAS), LPL, and adipocyte protein 2 (aP2) in a dose-dependent manner. However, EAP water extract dose-dependently increased adiponectin gene expression. These results indicated that EAP water extract inhibits lipid accumulation and ROS production in 3T3-L1 adipocytes via inhibition of adipogenesis and lipogenesis. Figure 6 . Effects of EAP on mRNA expressions of FAS, LPL, aP2, ACO, ACC and adiponectin genes in 3T3-L1 adipocytes. EAP: Erigeron annuus (L.) Pers. water extract. Cells were treated with EAP (50, 100, and 200 μg/mL) for seven days during differentiation. At day seven, mRNA expression levels of FAS, LPL, aP2 and adiponectin were determined by real-time PCR. Results are expressed as fold increase compared to the control after normalizing against GAPDH expression level. Values are presented as mean ± standard deviation. Differences between means were considered statistically significant at P < 0.05.
EAP Water Extract Enhances AMPK Phosphorylation and Its Downregulation ACC
To elucidate how EAP water extract inhibited lipid accumulation and ROS production during the adipocyte differentiation, AMPK phosphorylated protein level and ACC were measured. We determined whether EAP (200 μg/mL) controlled the differentiation of adipocytes and vitality metabolism via the AMPK pathway in 3T3-L1 cells. The results show that EAP enhances AMPK phosphorylation and ACC in MDI-induced adipocyte differentiation. In addition, EAP upregulated CPT1 protein level (Figure 7) . Garcinia cambogia also upregulated both phosphorylation AMPK and ACC as well as CPT1 protein levels in 3T3-L1 cells. These results indicated that EAP water extract may inhibit adipogenesis and lipogenesis via an activating AMPK signaling pathway. Figure 6 . Effects of EAP on mRNA expressions of FAS, LPL, aP2, ACO, ACC and adiponectin genes in 3T3-L1 adipocytes. EAP: Erigeron annuus (L.) Pers. water extract. Cells were treated with EAP (50, 100, and 200 µg/mL) for seven days during differentiation. At day seven, mRNA expression levels of FAS, LPL, aP2 and adiponectin were determined by real-time PCR. Results are expressed as fold increase compared to the control after normalizing against GAPDH expression level. Values are presented as mean ± standard deviation. Differences between means were considered statistically significant at p < 0.05.
To elucidate how EAP water extract inhibited lipid accumulation and ROS production during the adipocyte differentiation, AMPK phosphorylated protein level and ACC were measured. We determined whether EAP (200 µg/mL) controlled the differentiation of adipocytes and vitality metabolism via the AMPK pathway in 3T3-L1 cells. The results show that EAP enhances AMPK phosphorylation and ACC in MDI-induced adipocyte differentiation. In addition, EAP upregulated CPT1 protein level (Figure 7 ). Garcinia cambogia also upregulated both phosphorylation AMPK and ACC as well as CPT1 protein levels in 3T3-L1 cells. These results indicated that EAP water extract may inhibit adipogenesis and lipogenesis via an activating AMPK signaling pathway. 
Discussion
Erigeron annuus (L.) Pers. (EAP) is a naturalized plant belonging to the daisy family. EAP has been used to treat a variety of diseases in Korea, Japan, and China, including bronchitis, cough, and convulsions [17, 18] . However, the antiobesity activity of EAP has not been reported yet. This study evaluated the effect of EAP water extract on lipid accumulation and ROS production in 3T3-L1 cells. 3T3-L1 preadipocyte cells were treated with EAP water extract at varying concentrations. To further clarify the mechanisms involved in this effect, we investigated the effects of EAP on expression levels of adipogenic and lipogenic target gene as well as the AMPK signaling pathway.
Our data demonstrated that EAP water extract attenuated the lipid accumulation by up to 67.4% compared to MDI-treated control cells (Figure 3) . Treatment with EAP water extract also dose-dependently inhibits mRNA and protein expression of PPARγ and C/EBPα paralleled to reduced lipid accumulation in adipocytes ( Figure 5 ). During differentiation of preadipocyte, adipogenesis is activated through the action of transcription factors, such as PPARγ, C/EBPα, and SREBP-1c [25] . SREBP-1c is one of the earliest lipogenic genes besides LPL and FAS [26, 27] . In the present study, EAP water extract can inhibit adipogenesis and lipogenesis by downregulating adipogenic and lipogenic markers. Recent studies have shown that C/EBPα, C/EBPβ, and C/EBPδ can also regulate adipocyte gene expression. In the early stage of adipocyte differentiation, C/EBPβ and C/EBPδ activation can increase the expression of C/EBPα, PPARγ, and other lipogenic agents Band densities of p-AMPK and p-ACC were quantified and normalized with those of AMPK and ACC expression levels, respectively. Values are presented as mean ± standard deviation. Differences between means were considered statistically significant at p < 0.05.
Our data demonstrated that EAP water extract attenuated the lipid accumulation by up to 67.4% compared to MDI-treated control cells (Figure 3) . Treatment with EAP water extract also dose-dependently inhibits mRNA and protein expression of PPARγ and C/EBPα paralleled to reduced lipid accumulation in adipocytes ( Figure 5 ). During differentiation of preadipocyte, adipogenesis is activated through the action of transcription factors, such as PPARγ, C/EBPα, and SREBP-1c [25] . SREBP-1c is one of the earliest lipogenic genes besides LPL and FAS [26, 27] . In the present study, EAP water extract can inhibit adipogenesis and lipogenesis by downregulating adipogenic and lipogenic markers. Recent studies have shown that C/EBPα, C/EBPβ, and C/EBPδ can also regulate adipocyte gene expression. In the early stage of adipocyte differentiation, C/EBPβ and C/EBPδ activation can increase the expression of C/EBPα, PPARγ, and other lipogenic agents [28, 29] . We found that mRNA expression levels of FAS, LPL, and aP2 in 3T3-L1 cells after EAP treatment were significantly downregulated compared to those in DW-treated cells ( Figure 6 ). LPL is linked to ACC and the hydrolysis of plasma triglycerides that contributes to fatty acid synthesis [30] . FAS is a lipogenic enzyme which is an important enzyme catalyzing the last step of fatty acid synthesis [31] . aP2 can stimulate adipogenesis which is controlled by C/EBPα and PPARγ transcriptional levels [32] . aP2 gene is vital to pathways linking obesity to insulin resistance. These results indicate that EAP water extract can prevent MDI-induced expression of a gene linked to adipogenesis and lipogenesis.
The major regulator of energy metabolism is AMPK. Phosphorylated AMPK plays a role in the regulation of adipocyte differentiation [33] . AMPK has evolved to become a motivational target, especially for the treatment of obesity. It is possible to regenerate a key to inhibit lipogenesis of 3T3-L1 cells by natural complexes [34] . For this reason, AMPK modulation has been predicted to be a key to controlling obesity based on scientific research. We elucidated that EAP water extract could inhibit adipogenesis and phosphorylation level of AMPK and substrate ACC. AMPK can lead to fatty acid β-oxidation through inactivation of ACC and aggregate CPT1 expression gene in adipose tissue [16] . We found that EAP (200 µg/mL) could control the differentiation of adipocytes and vitality metabolism via the AMPK pathway in 3T3-L1 cells. EAP could enhance AMPK phosphorylation and ACC through MDI-induced adipocytes differentiation. EAP also upregulated CPT1 gene expression ( Figure 7 ). These results suggest that EAP water extract inhibits lipid accumulation via activating AMPK signaling pathway.
In conclusion, our data demonstrate that EAP water extract inhibits lipid accumulation and ROS production in 3T3-L1 cells. Moreover, EAP water extract is capable of inhibiting adipocytes differentiation via downregulation of expression levels of C/EBPα and PPARγ. Furthermore, EAP water extract promotes AMPK phosphorylation and its downstream ACC. Phosphorylated AMPK also increases the expression of the fatty acid oxidase CPT1 gene. Based on these findings, EAP water extract may be useful as an effective natural product to prevent obesity and obesity-related metabolic syndrome. Future identifying studies on bioactive compounds in EAP water extract and in vivo tests using animal HFD-induced obesity models are needed to examine whether EAP water extract could be used as a therapeutic agent and developed as an anti-obesity material, such as a functional food. 
